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1.0 INTRODUCTION 
This is the second and final report of the Dayton ITS Demonstration Project, 
which evaluates the effectiveness of Advanced Traveler Information System (A TIS) 
devices located in the vicinity of the Nutter Center (Figure 1 ), Dayton, Ohio. The 
intention of these devices is to provide real-time information to travelers accessing the 
Nutter Center during special events. The first report documented the existing conditions 
(1999) and defined various measures of effectiveness used to evaluate the traffic 
conditions. The ATIS devices were installed in the meantime. To complete the evaluation 
of the demonstration project, this report evaluates the performance of the road network 
surrounding the Nutter Center after the implementation of the A TIS devices (hereafter 
referred to as present conditions). These conditions are compared to the conditions 
evaluated in the previous report (hereafter referred to as initial conditions). An analysis 
that quantifies the changes on the network performance is also presented here to 
determine the effects of the devices installed. 
The study area is comprised of approximately 7-sq. mi. surrounding the Nutter 
Center area. It also consists of two major arterials: the Colonel Glenn Highway (CGH) 
and North Fairfield Road. The objective of this demonstration project is to manage 
congestion and traffic circulation during events in the Nutter Center. To achieve such 
objectives, the system installed utilized three Changeable Message Signs (CMS), one at 1-
675 and two along Colonel Glenn Highway and several static highway directional signs. 
There are twenty-six signalized intersections, all of which have actuated signals and four 
sign controlled intersections within the study area (Figure 2). 
Figure 1. Nutter Center Area 
Figure 2. Arial Map of Study 
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2.0 METHODOLOGY 
2.1 TSIS 
The simulation work here is performed with a software package called Traffic 
Software Integrated System (TSIS). TSIS is used because it provides an integrated 
interface for executing the CORSIM traffic simulation model. The use of CORSIM is 
essential because it allows traffic to be modeled stochastically and collect statistics on 
individual vehicles. The microscopic model used in this project, CORSIM, is broken up 
into two separate models: NETSIM and FREESIM. A summary of each of these models 
is presented in the next sections. In addition to CORSIM, TSIS also supports the 
graphical output processor, TRAF Visualization Utility (TRAFVU). 
2.1.1 NETSIM 
NETSIM is a microscopic computer software program that simulates individual 
vehicle behavior traveling over an urban network. NETSIM works by allowing vehicles 
to enter the network following a stochastic approach and probability distributions that 
simulate the input volume. NETSIM also recognizes the network as a series of user-
specified links and nodes. Nodes are used to represent the intersections and their 
geometries within the network and links, which connect those nodes. 
The inputs are typically the geometries of intersections such as the type of 
controls, number of links, link lengths, approach lanes and allowable movements by lane, 
turning volumes and/or turning percentages, turning pockets, grades, headways, lost 
times, free-flow speeds, right turn on red, pedestrian information and the percent of 
trucks or carpools. 
In NETSIM, the output is presented as information by link with several 
subcategories such as turning-movements, passing information, queue lengths and 
vehicle delays. More specifically, the output by link and whole network are vehicle 
travel; delay and travel times in vehicle minutes and minutes per mile; delay, travel queue 
and stop times in seconds per vehicle; percentage of stops; average speed in miles per 
hour; and the number of phase failures . Other outputs include the move/travel ratio and 
the network mean speed. The move/travel ratio is the total time in which a vehicle 
spends within a network. This ratio is equal to the delay time of the vehicles divided by 
the total time. The mean speed is the average speed in miles per hour of vehicles in a 
network. 
2.1.2 Ji'J?JlESIM 
FREESIM is another component of the CORSIM simulation model. Unlike 
NETSIM, FRESIM models the freeway operations of a network and it can also handle 
one to three inter-freeway connectors, grade variations, radius of curvature, 
superelevations, lane adds/drops, incidents, work zones, and auxiliary lanes. Necessary 
inputs for FREESIM include the freeway link geometries such as number of lanes and 
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lengths of auxiliary lanes; freeway link operation such as grade superelevation, free-flow 
speed, start-up delay; and location of warning signs. The entry link volumes must also he 
specified. 
All output in the FRESIM network is provided on a link by link basis. For each 
link, statistics such as number of lane changes, vehicle-miles, volume, density, speed and 
delay are reported. FRESIM also provides the .cumulative values of fuel consumption, 
and emissions on a link level. 
2.2 Measures Of Effectiveness 
Within the CORSIM simulation program, there are a variety of Measures of 
Effectiveness (MOE) available for the NETSIM and FRESIM networks. These measures 
are used to quantify the performance and effectiveness of the network components. For 
this project, several MOE are used, although the list is not exhaustive. While choosing 
the MOE for evaluation, it is also important to understand what each of the MOE 
represents. 
The first set of MOE used are travel measures such as average stopped delay, 
average total delay, and average moving time on a link by link basis. These delay 
measures are easily understood by the public and will highlight problem areas where 
modifications may be needed. Delay is also related to other measures such as level of 
service, which are used to show the quality of traffic flow within the system. To 
complement these MOE, the system speed is also included to show the effect of traffic 
progression along the network. 
Besides these travel measures, queue lengths are also used as an MOE in the 
project. Queue lengths are generally used to determine if the turning lanes are adequate 
and to examine the possibility of through movement blockage by the turning movements. 
The queue lengths are often used as an indicator of where geometric improvements may 
be needed. 
The next MOE used for evaluation is the percent of vehicles stopped. This 
percentage is used as an indicator of flow quality throughout the network. Because 
average delay only addresses the time that vehicles are stopped, the percent of vehicles 
stopped can be used to address the frequency of stops and gives another dimension to 
describe the network conditions. It is important to note that short delays do not 
necessarily mean low percentages of vehicles stopped. 
Another MOE found in the CORSIM output is the move/total ratio, which is 
actually the ratio of the delay time of a vehicle and the total time. This MOE will describe 
the percent of time that vehicles are actually moving within the system and will indicate 
the efficiency of the network 
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Finally, the simulated travel time will be included as one of the MOE used in this 
project. Simulated travel times are computed by dividing the total time by the number of 
vehicle trips. 
3.0 SUMMARY OF INITIAL CONDITIONS 
This project used TSIS to provide a realistic simulation of the initial condition 
using field data provided by TRW (TRW Inc.) corresponding city councils, and 
connected by the UK team. The field data used for simulation are traffic volumes, the 
geometries of the study area and signal timings and phasing of all the intersections. This 
software was also chosen because it allows testing of different roadway systems, such as 
arterials and freeways, simultaneously and provides an integrated interface for executing 
the CORSIM traffic simulation model. 
To properly simulate the initial conditions, three separate scenarios were modeled. 
These scenarios include the ingress for the Aerosrnith Concert on Tuesday December 3, 
1998 (6:00 P.M. - 8:00 P.M.), the egress for the same Aerosmith Concert (9:45 P.M. -
11:45 P.M.), and a major shopping day on Wednesday December 23, 1998 (3 :00 P.M. -
4:00 P.M.). For each of the three scenarios modeled in the project, five runs were 
conducted using separate random numbers to avoid possible outliers due to the stochastic 
nature of the CORSIM program. When different random numbers are selected, different 
results can be obtained to ensure that they are relatively close. These random numbers 
could be viewed as simulations of different days and representing the varying daily traffic 
volumes. This will also ensure that no outliers are present in the selected group of random 
numbers. The results obtained from these random numbers were then averaged to obtain 
the final MOE estimates. With the exception of the shopping day, the entry node volumes 
were varied on a 15-minute interval to accurately represent the flow in and out of the 
Nutter Center area. 
To validate the model from the simulation, a travel time study was conducted 
along the major paths of travel during Glenn Campbell concert on June 7, 1999. These 
travel times were then compared to the simulated travel times. Figure 3 to 9 below shows 
the ingress and egress paths. These paths were determined at the suggestion of the Miami 
Valley Regional Planning Commission (MVRPC). The field travel times were found to 
correspond with the simulated traffic time therefore no changes to the model was made. 
No calibration to the model was necessary also because the standard deviations of five 
ingress and egress routes were not large and field travel times were similar to the 
simulated traffic times. 
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Figure 3. Ingress Route 1 Figure 4. Ingress Route 2 
' '/ J 
I L L' I.//) _ ... ----··-)! J ·)T' .. t>· 
"---·- ---., / - .. -~ f1.I 
' .J_.:_-::- i I T 
' ...., ' 
Er ?:x, F< ~ J i~ -~~ -··--·rftrTh\~---- ~~-- ~~r---
Figure 5. Ingress Route 3 Figure 6. Ingress Route 4 
Figure 7. Egress Route 1 Figure 8. Egress Route 2 
,>;;;==~ Y-~: t 
/' 1k- ...... ~·~ / \..- [iii 
"----·- ____ ,, J.. - · _.. \ / l;_, 
The UK team examined network wide statistics along with several specific MOE. 
The network wide statistics according to different scenarios can be seen in Table 1. These 
values are the averages from the five simulation runs performed on each scenario and 
represent the entire street system examined i.e. the selected routes and roads. 
Table 1. Network-wide Statistics (initial conditions) 
MOE 
Total travel (veh-mi) 
Move time (veh-hr) 
Delay time (veh-hr) 
Total time (veh-hr) 
Speed (mph) 
Move/total ratio 
Ingress 
60441 
1340.8 
637.7 
1978.5 
30.6 
0.68 
Egress 
41945 
1226.3 
1251.6 
2477.8 
17.5 
0.49 
Shopping 
34956 
796.5 
720.0 
1516.5 
23.1 
0.52 
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Based on these estimates, the ingress simulation had the highest total vehicle 
miles indicating the highest number of vehicles within the system. This correctly reflects 
the initial conditions because this traffic accounts for the ingress of the concert as well as 
for the additional PM peak traffic, which coincides with the concert ingress. However, 
despite the higher number of vehicles, the move time for the ingress simulation as well as 
the move to total ratio was also the highest indicating that there were relatively few 
problems within the ingress network. 
Contrary to the ingress simulation, the egress simulation encountered the lowest 
move to total ratio and the highest delay times. This can be due to the differences in 
vehicle distribution. For example, patrons attending a concert are more likely to arrive 
early for a concert thus spreading out their arrivals, whereas once a concert is complete 
all patrons typically leave at the same time. 
The simulation results reflect the majority of traffic problems surrounding the 
Nutter Center area. It was mainly attributed to the uncoordinated signal systems and the 
inefficiency of dispersing traffic throughout the network. This report evaluates the 
present conditions and then compares them to the initial conditions to determine the 
impact of the changes due to the A TIS system. 
4.0 PRESENT CONDITIONS 
4.1 Methodology 
The methodology adopted to evaluate the present conditions is almost similar to 
the methodology used to evaluate the initial conditions. New traffic counts were collected 
at several intersections, since the traffic volumes for the initial conditions would no 
longer be valid for this part of the project. Some volumes were not obtained at few 
intersections however. To account for that, a comparison of the volumes between the 
initial and present conditions for the intersections with traffic count in both periods was 
completed. This comparison indicated an average of a I 0% increase and thus, 
intersections without counts were adjusted by this percentage. Similarly, volumes for the 
freeway system were also increased by a similar percentage. Other field data such as 
signal timings and phasing for all intersections are assumed to remain the same as the 
initial conditions, according to MVRPC. 
This part of the project also used TSIS to provide a realistic simulation of the 
present condition using the field data. The old traffic volumes in the simulation models 
obtained from the previous part of the project were replaced with new traffic volumes 
obtained from the field. Other variables such as the road geometry, signal timings and 
phasing remained the same. 
4.2 Simulation 
To properly simulate the present conditions, two separate scenarios were 
modeled. It should be noted here that the shopping scenario was not included in the 
analysis as per the request of MVRPC. The scenarios analyzed here include the ingress 
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for the Neil Diamond Concert on Saturday November 17, 2001 (6:30 P.M. - 8:30 P.M.) 
and the egress for the same concert (10:00 P.M. - 11 :30 P.M.). For each of the two 
scenarios modeled in the project, five runs were conducted with separate random 
numbers to avoid possible outliers due to the stochastic nature of the CORSIM program. 
The results were then averaged to obtain the final MOE estimates (Appendix A - D). The 
MOE used are similar to the MOE used in the previous project. Table 2 below shows the 
MOE used for the two scenarios and the entire network. 
Table 2. MOE for Ingress and Egress; and the entire network 
MOE for Ingress and Egress 
Average Total Delay (veh-hr) 
Average Moving Time (sec/veh) 
System Speed (mph) 
Average MIT Ratio 
Average Max Queue Length 
% Vehicle stopped 
Average Stopped Delay (sec/veh) 
Total Travel Time 
MOE for the entire system 
Total vehicle-mile 
Move Time (veh-hr) 
Delay Time (veh-hr) 
Total Time (veh-hr) 
Speed (mph) 
Move/total ratio 
To validate the model from the simulation, a travel time study was conducted 
along the major paths of travel during the Neil Diamond concert on November 17, 2001. 
These travel times were then compared to the simulated travel times (Table 3). Figures 3 
through 9 show the ingress and egress paths. It should be noted here that travel times 
were completed only along few routes due to limited personnel. 
Table 3. Ingress and egress travel times 
Route 
Ingress Route 2 
Ingress Route 4 
Egress Route 2 
Egress Route 3 
Field Time (min.) 
11: 27 
5: 19 
9:20 
4: 31 
Simulation Time (min.) 
8: 31 
5:41 
7: 52 
1: 18 
The travel times completed showed that there was agreement between the field 
and the simulated results. The slightly greater difference between the field and 
simulation results for Ingress 2 and Egress 3 could be attributed to the fact . that these 
times were collected at what could be considered the peak incoming and exiting traffic 
for the concert. The simulation travel times represent an average condition for the entire 
duration (2 hours for ingress and 1.5 hours for egress) and thus, the differences noted are 
acceptable. Therefore, no additional calibration was deemed necessary. 
An additional evaluation was completed to determine whether the model is a 
stable model and does represent extreme fluctuations among the various random number 
runs. This analysis tests for the hypothesis that all travel times are no different than the 
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average by examining whether an of the computed values falls outside of the 95% 
confidence interval. The results showed that all 5 simulated travel times for each of the 
ingress and egress routes fall within the 95% confidence interval (Tables 4 and 5). 
Therefore, no additional runs were required and all five runs were included in the 
computation of the MOE. 
Table 4. Ingress Travel Time Validation 
Statistics (minutes) 
Mean 
Standard Deviation 
Minimum · 
Maximum 
95% Confidence Interval 
Ingress 
Route 1 
8:02 
0:02 
8:00 
8:05 
0:03 
Ingress 
Route 2 
8:31 
0:05 
8:24 
8:38 
0:07 
Ingress 
Route 3 
6:47 
0:03 
6:44 
6:52 
0:04 
Table 5. Egress Travel Time Validation 
Statistics (minutes) Egress Egress 
Route 1 Route 2 
Mean 7:46 7:52 
Standard Deviation 0:09 0:02 
Minimum 7:37 7:50 
Maximum 7:56 7:54 
95 % Confidence Interval 0:12 0:02 
4.3 Comparison Between the Initial and Present Conditions 
Ingress 
Route 4 
5:41 
0:01 
5:41 
5:43 
0:01 
Egress 
Route 3 
1 :18 
0:01 
1:17 
1 :18 
0:01 
There are two types of simulation results : the MOE for the entire network (Table 
6) and the MOE for each ingress and egress routes studied (Tables 7 and 8). Each MOE 
in these tables is the average value obtained from the five simulation runs. 
The network performance data showed that there is significant increase in total 
travel for both ingress and egress when compared to the initial conditions. This result is 
expected, since there are higher traffic volumes in the present conditions compared to the 
volumes in the initial conditions. The total time also increased due to the increase in total 
travel. Unlike the ingress, the system speed and the move/total time (MIT) ratio for egress 
have improved (note that higher ratio of move/total time indicates that a larger percentage 
of time was spent moving). This result indicated that the system performed better in 
discharging vehicles from the Nutter Center than it is the other way. The drop in the 
move/total time ratio for the ingress system is not significant, since it reflects the entire 
network and could be influenced by increased traffic volumes in the vicinity, i.e. the non-
concert traffic has a larger impact on these conditions. Therefore, the overall network 
performance indicates that the system has improved, since the additional traffic volumes 
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in the present condition did not significantly worsen the system speed and the move/total 
travel time ratio. 
Table 6. Network-wide Statistics 
MOE 
Total travel (veh-mi) 
Move time (veh-hr) 
Delay time (veh-hr) 
Total time (veh-hr) 
Speed (mph) 
Move/total ratio 
44587.4 
985.8 
772.1 
1757.9 
25.4 
0.56 
The comparison of the initial and current conditions for the ingress routes indicate 
that there are, in general, overall improvements (Table 7). The only exception to this 
general observation is Ingress 1. This route is mostly along Colonel Glenn Highway 
(75% of the route length), which has nine traffic signals. These signals are not 
coordinated and the higher traffic volumes along this route in the current conditions may 
explain these higher MOE. Signal coordination is not an issue for any of the other routes 
nor any other had such a large number of signalized intersections. 
MOE 
Average Total Delay (s/v) 
(veh-hr) 
Average Moving Time (s/v) 
Average System Speed (mph) 
Average MIT Ratio 
Average Max Queue Length ( veh 
Average Vehicle Stopped(%) 
Average Stopped Delay (s/v) 
Total Travel Time (min. 
Table 7. Ingress Routes MOE 
The average moving time, which is the time the vehicles are in motion, improved 
for all ingress routes and remained approximately the same for Ingress 1. There is also a 
reduction in average total delay per vehicle, with Ingress 1 again showing a slight 
increase. The average number of vehicles stopped and average stopped delay for all the 
ingress routes varied slightly, but not significantly, from the initial conditions. The higher 
traffic volumes in the present conditions could explain these increases, since a denser 
network could mean that more stops are made. These increases are not statistically 
significant and thus, of no practical importance. 
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The average system speed and average move/total ratio improved for all routes 
except Ingress 1. This means that there is more movement and less congestion on those 
routes. The increase in the system speed also indicates that vehicles are traveling at 
higher speeds and more efficiently. This can be seen as an improvement over the initial 
conditions. 
The simulated travel times for both conditions are relatively close. However, the 
travel times for the present condition are shorter, with the exception of Ingress 1. These 
data support the observation for the average system speed and the move/total time ratio 
for Ingress 2, 3 and 4. Moreover, the slight increase for Ingress 1 is not significant and 
the fact that there are higher traffic volumes that have not impacted negatively the travel 
times with the uncoordinated signals, makes this difference insignificant. 
The data in Table 8 indicate that all egress routes improved. The highest gains 
were observed along Egress 1, where most of the MOE reduced by almost one-third. 
MOE 
Average Total Delay (s/v) 
(veh-hr) 
Average Moving Time (s/v) 
Average System Speed (mph) 
Average MIT Ratio 
Table 8. Egress Routes MOE 
Average Max Queue Length (veh) 
Average Vehicle Stopped(%) 
Average Stopped Delay (s/v) 
Total Travel Time (min.) 
Present 
8.28 
5.07 
22.49 
24.00 
0.73 
48.44 
3.56 
1:18 
The average total delay generally improved while the average moving time did 
not display significant changes. However, these times have improved for all egress 
routes. Although the moving times are almost similar to the initial conditions, vehicles 
spend less time in delays, as indicated by the significant improvement in the average total 
delay. 
The average number of vehicles stopped for all egress routes has also improved, 
with the exception of Egress 2. This improvement has also resulted in an improvement in 
the average stopped delay. The average system speed and average move/total time ratio 
improved for all routes except Ingress 3. The increase in the system speed also indicates 
vehicles are traveling at higher speeds and more efficiently. These observations indicate 
that the egress system has generally improved and the improvements are greater than the 
ingress system. 
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5.0 CONCLUSIONS 
This report presented the evaluation of the conditions in the vicinity of the Nutter 
Center after the installation of the traveler information devices. It could be stated that in 
general these devices have improved certain areas of the system and particularly the 
egress system. 
The ingress system is the one that produced somewhat mixed results. Most of the 
routes that do not use extensively Colonel Glen Highway, i.e. routes 2, 3 and 4, exhibit a 
moderate improvements with lower delays, higher travel speeds, and shorter travel times 
when compared to the initial conditions. These improvements could be considered more 
significant considering the fact that traffic volumes have increased by approximately 10% 
in the entire network. The results for route 1 indicate that this path did not change 
significantly. Most of the MOE remained the same and those that increased were not 
statistically different than those observed in the initial conditions. Apparently, the higher 
traffic volumes had a greater impact on this route and the lack of coordination along 
Colonel Glen Highway compounded these impacts. 
The egress systems showed an overall improvement when compared to the initial 
conditions. The greater gains were materialized along route 1 indicating that the traffic 
exiting the Nutter Center from the south approaches moves efficiently. The other two 
routes exhibited small changes and the shortest route (route 3) showed almost no 
differences compared to the initial conditions. 
Based on the analysis presented here, it could be concluded that overall the 
system is performing more efficiently than in the initial conditions. The devices installed 
have facilitated navigation to the Nutter Center as well entry to and exit from its parking 
lots during a special event. The presence of higher traffic volumes did not impact 
significantly the network performance and, at worse, the network was able to handle the 
increased volumes without any significant additional delays. It should be noted though 
that the potential for improvement exists though coordination of the traffic signals along 
Colonel Glen Highway and Fairfield Road. This could improve flow along Ingress 1 and 
potentially reduce delays on the entire network. Additional monitoring of the system and 
periodic evaluations are recommended to ensure continued improvement of the traffic in 
the vicinity of the Nutter Center. 
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Appendix A. Egress MOE Values 
E ress Route 1 
Link Vehicle Miles Vehicle Tries Move Time (veh-min) rota! Time (veh-min Total Dela;t (s) Distance (mi) Seeed (meh) Veh. Stoeeed Stoe dela;t 
20-10 142.87 907.60 190.50 3 17.70 7,611.40 0. 16 27.10 29,725.00 3,512.26 
30-20 503.64 1,126.80 671.52 840.70 10,071.40 0.45 36.15 25,037.00 2,524.34 
40-30 114.79 1,219.80 153.06 314.18 9,635.14 0.09 2 1.92 30,723.60 4,221.82 
60-50 388.36 1,206.40 517.80 924.00 24,237.30 0.32 25.38 69,023.20 14,03 1.16 
70-60 312.13 1,462.20 416.16 637.42 13,277.52 0.21 29.45 36,554.20 3,863.36 
80-70 437.95 1,258.60 755.66 1,550.02 47,394.46 0.35 17.33 96,436.60 30,854.10 
90-80 333.74 1,077.60 575.86 1,1 88.82 36,534.90 0.31 16.94 78,231.60 26,405.38 
130-40 137.26 1,364.80 183.02 974.18 47,063.44 0.10 8.53 93,948.80 35,023.82 
50-130 162.33 1,368.60 2 16.46 356.22 8,360.40 0 .12 '27.35 21,861.20 2,377 .48 
9 1-90 268.44 1,279.20 463 .18 1,289.52 49,495.18 0.21 12.51 84,668.40 38,879.54 
E ress Route 2 
Link Vehicle Miles Vehicle Tries Move Time (veh-min) rota! Time (veh-min Total Dela;t (s) Distance (mi) Seeed (meh) Veh. Stoeeed Stoe dela;t 
4 1-40 403.44 681.00 696.10 1,138.44 26,057.10 0.59 21.5 1 55,286.20 21,166.12 
210-200 53.99 358.80 108.00 199.96 5,483.72 0.15 16.30 27,487 .60 3,682.30 
220-210 256.19 861.60 442.06 709.22 15,950.66 0 .30 21.83 86,160.00 6,216.90 
293-290 265.62 490.20 458.34 840.52 22,695.96 0.54 19.11 34,697.20 15,506.06 
200-293 351.98 494.40 607 .36 688.38 4,839.04 0.7 1 30.92 0 .00 0 .00 
3-41 235.75 690.00 284.1 8 296.10 732.38 0 .34 47.86 0.00 0.00 
290-3 244.08 690.20 294.24 347.04 3,175.32 0.35 42.38 0 .00 0.00 
222-220 294.93 1,066.20 589.86 821.80 13,859.80 0.28 21.63 106,620.00 7,100.42 
E ess Route 3 
Link Vehicle Miles Vehicle Tries Move Time (veb-min) rota! Time (veh-min Total Dela;t (s) Distance (mi) Seeed (meh) Veh. Stoeeed Stoe dela;t 
220-230 90.17 749.20 155.60 215.92 3,626.60 0.12 25.10 0.00 0.00 
230-240 46.8 1 389.00 80.76 92.76 723.86 0 .12 30.29 157.60 7.90 
222-220 294.93 1,066.20 589.86 821.80 13,859.80 0 .28 21.63 106,620.00 7,100.42 
Appendix B. Egress MOE Calculation 
E ress Route I 
Average Total Delay= 20.65 s/v 
70.83 veh-hr 
avg. delay (slveh) = sum total delay (s)lsum vehicle trips 
avg. delay (veh-hr) = sum total delay (veh-min)l(60 min/hr) 
Average Moving Time = 20.26 s/v 
avg. moving time (slveh) move time (veh-min)*(60slmin)/vehicle trips 
System Speed = 20.37 mph 
system speed= sum distance (mi)ltotal time (slveh)*3600s/hr 
Average MIT ratio= 0.49 
avg. MIT ratio= total move time (veh-min)ltotal ti.me (veh-min) 
% Vehicles Stopped (NETSIM)= 
% veh = # stopped/sum veh. trips 
46.12 % 
Average Density (FRESIM)= NIA veh/In-mi 
avg. density = density (veh/ln)ltotal distance 
Average Stopped Delay (NETSIM) = 13.16 s/v 
avg. stopped delay (slveh) = sum stop delay (s)lsum vehicle trips 
E ess Route 2 
Average Total Delay = 17.57 s/v 
26.02 veh-hr 
avg. delay (slveh) = sum total delay (s)lsum vehicle trips 
avg. delay (veh-hr) = sum total delay (veh-min)/(60 min/hr) 
Average Moving Time = 39.16 s/v 
avg. moving time (slveh) move time (veh-min)*(60slmin)lvehicle trips 
System Speed = 25.11 mph 
system speed= sum distance (mi)ltotal time (slveh)*3600s/hr 
Average MIT ratio = 0.69 
avg. M/T ratio= total move time (veh-min)ltotal time (veh-min) 
% Vehicles Stopped (NETSIM)= 
% veh =#stopped/sum veh. trips 
58.18 % 
Average Density (FRESIM)= NIA veh/In-mi 
avg. density = density (veh/ln)ltotal distance 
Average Stopped Delay (NETSIM) = 8.73 s/v 
avg. stopped delay (slveh) = sum stop delay (s)lsum vehicle trips 
E ess Route 3 
Average Total Delay = 8.28 s/v 
5.07 veh-hr 
avg. delay (s/veh) = sum total delay (s)lsum vehicle trips 
avg. delay (veh-hr) = sum total delay (veh-min)l(60 min/hr) 
Average Moving Time = 22.49 s/v 
avg. moving time (slveh) move time (veh-min)*(60slmin)lvehicle trips 
System Speed= 24.00 mph 
system speed= sum distance (mi)ltotal time (slveh)*3600s/hr 
Average MIT ratio= 0.73 
avg. MIT ratio= total move time (veh-min)ltotal ti.me (veh-min) 
% Vehicles Stopped (NETSIM)= 
% veh =# stopped/sum veh. trips 
48.44 % 
Average Density (FRESIM)= NIA vch/In-mi 
avg. density= de~sity (veh/ln)ltotal distance 
Average Stopped Delay (NETSIM) = 3.56 s/v 
avg. stopped delay (slveh) = sum stop delay (s)lsum vehicle trips 
Appendix C. Ingress MOE Values 
In ress Route 1 
Link Vehicle Miles Vehicle Tries Move Time (veh-min) Total Time (veh-min) Total Deiar (s) Distance (mi) Seeed (meh) Veh. Stoe~d Stoe Delar(s) 
21-20 5.52 115.80 11.06 36.50 1,526.80 0.05 9.07 10,017.20 1,289.64 
20-30 740.72 1,657.20 987.62 1,290.66 18,135.90 0.45 34.50 44,775.80 5,704.40 
30-40 153.13 1,617.80 204.16 1,533.62 79,567.88 O.Q9 6.01 128,443.40 63,224.94 
50-60 511.22 1,587.80 681.62 975.96 17,582.32 0.32 31.56 43,155.20 6,695.16 
60-70 389.77 1,821.20 519.68 1,1 85.38 39,842.86 0.21 19.78 121,263 .80 20,830.26 
70-80 388.48 1,109.80 670.30 1,146.64 28,416.82 0.35 20.42 73,058.60 20,050.20 
80-90 520.44 1,671.60 897 .98 1,489.34 35,391.44 0.31 21.03 101,954.40 22,452.22 
7018-21 6.40 116.20 9.98 9.98 0.00 0.06 38.46 0.00 0.00 
40-130 168.17 1,703 .80 224.22 400.40 10,573.12 0.10 25.34 23,209.60 2,390.40 
130-50 185.75 1,552.40 320.50 1,104.78 46,884.46 0.12 10.13 111 ,477.20 36,947.52 
90-91 480.59 2,292.60 829.26 1,531.14 41,865.96 0.21 18.92 33,580.40 4,697.78 
7016-66 25.37 797.20 14.86 14.86 0.00 0.03 104.13 0.00 0.00 
66-7012 20.36 796.40 40.74 47.34 398.20 0.03 25 .72 0.00 0.00 
Vehicle Miles Vehicles Out Move time (veh-min) Total time (veh-min) Total Delar (slv) Distance (mi) Seeed (mehl Densi!_l'.(veh/ln) 
39-46 276.58 1,226.00 371.16 380.03 564.48 0.23 43.62 1.06 
46-49 3.72 116.20 6.30 6.44 11.62 0.03 34.92 0.05 
49-7018 3.72 116.40 6.39 6.43 0.00 0.03 34.87 0.05 
54-39 234.24 795.60 307.32 309.66 79.56 0.29 45.37 1.29 
67-7016 64.88 796.60 59.82 68.12 477.96 0.08 57.27 0.29 
7012-54 71.90 796.00 66.73 104.68 2, 180.56 0.09 43.02 0.45 
In ress Roule 2 
Link Vehicle Miles Vehicle Tries Move Time (veh-min) Total Time (veh-min) Total Delar (s) Distance (mi) seeed (meh) Veh. Stoeeed Stoe Delar(s) 
20-30 740.72 1,657.20 987.62 1,290.66 18,135.90 0.45 34.50 44,775.80 5,704.40 
30-40 153.13 1,617.80 204.16 1,533.62 79,567.88 0.09 6.01 128,443 .40 63,224.94 
40-41 808.18 1,368.80 974.22 1,099.46 7,528.92 0.59 44.26 0.00 0.00 
200-210 57.31 384.80 98.90 168. 18 4,148.78 0.15 20.48 38,480.00 2,008.88 
210-220 185.66 624.40 320.36 402.96 4,935.54 0.30 27.69 0.00 0.00 
290-293 458.53 848.80 791.20 929.10 8,254.56 0.54 29.75 0.00 0.00 
293-200 601.30 844.60 1,037.54 1,421.00 22,813.86 0.71 25.55 49,668.40 6,925.50 
41-3 466.51 1,365.40 562.38 620.44 3,470.52 0.34 45.22 3,556.60 136.54 
3-290 483.80 1,356.60 583.20 1,380.54 47,657 .70 0.36 21.1 2 99,549.60 28,132.88 
220-222 282.13 1,008.80 564.26 662.20 5,873.12 0.28 25.63 12,721.00 282.22 
In ress Route 3 
Link Vehicle Miles Vehicle Tries Move Time (veh-min) Total Time (veh-min) Total Delar (s) Distance (mi) Seeed (meh) Veh. Stoeeed Stoe Delar(s) 
40-41 808.18 1,368.80 974.22 1,099.46 7,528.92 0.59 44.26 0.00 0.00 
200-210 57.31 384.80 98.90 168.1 8 4,148.78 0.15 20.48 38,480.00 2,008.88 
210-220 185.66 624.40 320.36 402.96 4,935.54 0.30 27.69 0.00 0.00 
290-293 458.53 848.80 791.20 929.10 8,254.56 0.54 29.75 0.00 0.00 
293-200 601.30 844.60 1,037.54 1,421.00 22,8 13.86 0.71 25.55 49,668.40 6,925.50 
41-3 466.51 1,365.40 562.38 620.44 3,470.52 0.34 45.22 3,556.60 136.54 
3-290 483.80 1,356.60 583.20 1,380.54 47,657.70 0.36 21.12 99,549.60 28,132.88 
220-222 282.13 1,008.80 564.26 662.20 5,873.12 0.28 25.63 i2,121.oo 282.22 
In ress Route 4 
Link Vehicle Miles Vehicle Tries Move Time (veh-min) Total Time (veh-min) Total Deiar (s) Distance (mi) S~ed (meh) Veh. Stoeeed Stoe Delar(s) 
230-220 152.13 1,217.00 262.48 312.32 2,993.06 0.13 29.26 3,651.00 121.70 
240-230 120.41 993.40 207.76 250.30 2,542.80 0.12 28.90 3,970.20 11 8.78 
242-240 40.77 889.60 81.56 210.32 7,726.62 0.05 11.66 88,603.80 4,915.42 
7000-242 26.51 891.60 32.10 32.10 0.00 0.03 49.58 0.00 0.00 
220-222 282.13 1,008.80 564.26 662.20 5,873.12 0.28 25.63 12,721.00 282.22 
7001-115 80.38 4,003 .80 98.48 98.48 0.00 0.02 48.87 0.00 0.00 
115-7003 55.13 2,826.00 110.24 128.16 1,074.84 O.Q2 25.82 0.00 0.00 
Vehicle Miles Vehicles Out Move time (veh-min) Total Time (veh-min) Total Deiar (s) Distance (mi) S~ed(mehl Densi!_l'.(vnn) 
500-501 67.58 891.80 115.83 120.29 267.54 0.08 33.68 1.00 
501-7000 34.80 891.60 60.00 62.29 142.38 0.04 33.45 0.52 
16-22 808.70 3,041.00 975.30 1,015.74 2,432.80 0.27 47 .77 3.71 
114-16 1,165.14 2,811.20 1,398.17 1,433.12 2,136.72 0.41 48.82 5.99 
59-35 3,708.24 7,173.80 4,049.43 4,197.76 8,608.56 0.52 52.93 11.66 
37-62 1,251.1 6 7,172.40 1,366.28 1,451.35 5,020.68 0.17 51.73 2.50 
62-59 1,601.72 7,172.40 1,749.09 1,813.16 3,586.20 0.22 52.89 5.04 
65-37 401.12 6,033.80 439.62 449.25 603.38 0.07 53.18 1.25 
67-65 859.36 6,033.60 936.70 953.89 603.36 0.14 53.97 2.65 
22-500 696.20 3,034.20 853.57 875.85 1,517.10 0.23 47 .80 3.02 
102-79 1,111.46 4,005.80 1,489.36 1,533.81 2,804.06 0.28 43.54 6.39 
79-7001 792.02 4,005.40 1,340.08 1,422.47 5,048.94 0.20 33.39 5.93 
7003-114 266.96 2,823.40 248.27 402.58 8,867.72 0.09 41.51 1.74 
33-83 708.18 7,599.80 774.75 845.57 4,408.22 0.09 50.07 1.76 
83-84 1,374.20 7,596.80 1,508.89 1,550.11 2,583.70 0.18 53 .29 3.23 
84-102 759.58 7,595.40 858.33 879.59 1,366.84 0.10 52.03 1.83 
35-33 1,641.20 7,172.60 1,795.46 1,887.38 5,595.78 0.23 52.14 5.25 
Appendix D. Ingress MOE Calculations 
In ess Route 1 
Average Total Delay = 15.64 s/v 
5,412.28 veh-hr 
avg. delay (s/veh) = sum total delay (s)/sum vehicle trips 
avg. delay (veh-hr) = sum total delay (veh-min)/(60 min/hr) 
Average Moving Time = 18.07 s/v 
avg. moving time (s/veh) move time (veh-min)*(60s/min)/vehicle trips 
System Speed = 23.08 mph 
system speed= sum distance (mi)/total time (s/veh)*3600s/hr 
Average MIT ratio = 0.54 
avg. MfT ratio= total move time (veh-min)/total time (veh-min) 
% Vehicles Stopped (NETSIM:)= 
% veh =#stopped/sum veh. trips 
Average Density (FRESIM:)= 
avg. density= density (veh/ln)/total distance 
41.03 % 
4.22 veh/ln-mi 
Average Stopped Delay (NETSIM:) = 10.94 s/v 
avg. stopped delay (s/veh) = sum stop delay (s)/sum vehicle trips 
In ess Route 2 
Average Total Delay= 18.27 s/v 
3,384.32 veh-hr 
avg. delay (s/veh) = sum total delay (s)/sum vehicle trips 
avg. delay (veh-hr) = sum total delay (veh-min)/(60 min/hr) 
Average Moving Time = 33.17 s/v 
avg. moving time (s/veh) move time (veh-min)*(60s/min)/vehicle trips 
System Speed= 26.92 mph 
system speed= sum distance (mi)/total time (s/veh)*3600s/hr 
Average MIT ratio= 0.64 
avg. MfT ratio= total move time (veh-min)/total time (veh-min) 
% Vehicles Stopped (NETSIM:)= 
% veh = # stopped/sum veh. trips 
34.05 % 
Average Density (FRESIM:)= NIA veh/ln-mi 
avg. density = density (veh/ln)/total distance 
Average Stopped Delay (NETSIM:) = 9.61 s/v 
avg. stopped delay (s/veh) = sum stop delay (s)/sum vehicle trips 
In ess Route 3 
Average Total Delay = 13.42 s/v 
1,751.82 veh-hr 
avg. delay (s/veh) = sum total delay (s)/sum vehicle trips 
avg. delay (veh-hr) = sum total delay (veh-min)/(60 min/hr) 
Average Moving Time = 37.93 s/v 
avg. moving time (s/veh) move time (veh-min)*(60s/min)/vehicle trips 
System Speed = 28.98 mph 
system speed= sum distance (mi)/total time (s/veh)*3600s/hr 
Average MIT ratio= 0.74 
avg. MfT ratio= total move time (veh-min)/total time (veh-min) 
% Vehicles Stopped (NETSIM:)= 
% veh =#stopped/sum veh. trips 
26.14 % 
Average Density (FRESIM:)= NIA veh/ln-mi 
avg. density= density (veh/In)/total distance 
Average Stopped Delay (NETSIM:) = 4.81 s/v 
avg. stopped delay (s/veh) = sum stop delay (s)/sum vehicle trips 
In ess Route 4 
Average Total Delay = 0.78 s/v 
1,272.11 veh-hr 
avg. delay (s/veh) = sum total delay (s)/sum vehicle trips 
avg. delay (veh-hr) = sum total delay (veh-min)/(60 min/hr) 
Average Moving Time = 13.20 s/v 
avg. moving time (s/veh) move time (veh-min)*(60s/min)/vehicle trips 
System Speed = 41.82 mph 
system speed= sum distance (mi)/total time (s/veh)*3600s/hr 
Average MIT ratio = 0.94 
avg. MfT ratio= total move time (veh-min)/total time (veh-min) 
% Vehicles Stopped (NETSIM:)= 
% veh =#stopped/sum veh. trips 
Average Density (FRESIM:)= 
avg. density = density (veh/In)/total distance 
9.21 % 
19.12 veh/ln-mi 
Average Stopped Delay (NETSIM:) = 0.46 s/v 
avg. stopped delay (s/veh) = sum stop delay (s)/sum vehicle trips 

